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TECHNICAL. NOTE No. 1079 —

PRESSURE DISTRIBUTION OVER A PLUG-TYPE SPOILER-~SLOT AILERON

ON A TAPERED WING WITH FULL~SPAN SLOTTED FLAPS

By John ¢. Lowry and Thomas R. Turner

SUMMARY

A pressure-~distribution investigation was made in the
Langley 7- by 10-foot tumnel of a plug-type spoller-slot
alleron on a semiapan tapered-wing model of a typical
fighter airplsne equipped with full-spah slotted flaps.
The results of the Investigation indicate peak pressures’
on a plug~type spoller-slot ailleron thet may result in a
compressibllity shock on the plug aileron at high speed.
The maximum loeds on the plug sileron occurred in the
high-speed condition for maximum up alleron deflection.

INTRODUCTIOK

A pressure-~distrilbution investigation was made in the
Langley 7- by 10-foot tunnel of the plug-type spoiler-slot
aileron on a tapered-wing model of a typical fighter air-
plane with full-span slotted flaps. A plug-type ailleron
is essentially a tapered plug that fits in through a slot
in the wing to caonform to the original external wing con-
tour when in a neutral position. When the aileron is
deflected, the plug projects through the upper surface of
the wing as a spoiler and, at the same time, makes a slot
through the wing behind the speoller. SR

The purpose of thils investigsetion was to obtain the
air loads on the allsron designated as plug sileron 5 in
reference 1. Tests were made at vserious angles of attack
for both flap~retrected and flap-deflected conditions.

In order” to obtain more complets data, pressures were
measured on 8 solid plug-type spoller-slot alleron, desig-
nated as plug aileron 2 in reference 1, at two angles of
attack with flep retracted. - e



2 NACA TN No. 1079

In order to make the text end figures herein more
concise, the term "plug aileron” is substituted for the
previously used term ¥plug-type spoiler-slot aileron” and
the term “plug” 1s used in the figures where reference 1is
mede to the component parts of the plug aileron.

APPARATUS AND TESTS

A semlispan wing model was mounted In the Langley
7- by 1l0-foot tumnnel (reference 2) as shown schematically
in figure l. The wing model represents the cross-hatched
pert of the alrplane shown 1in figure 2. The root chord
of the model was adjacent to one of the vertical walls of
the tumnel, the vertical wall thereby serving as a reflec-
tion plane. The flow over & semlispan model In thils setup
is essentielly the same as the flow would be over a com-
plete model in a 7~ by 20-foot tunnsl. Provision was made . -
Tor changing the angle of attack while the turnel was 1in
operation.

The semlspan wing model used in these tests was bullt
to the plan form shown in figure 3. The ordinates of the
wing section are gilven in teble I. The airfoll sectlons
of the NACA 230 series tapered in thicknéss from approxi-

mately 153 percent chord st the root to BE percent chord

et-the tip. The basic chord c¢; of ths model was arbil-
trarily increased 3/1C inch to reduce the treiling-edge
thickness, and the last few stations were refaired to glve
& smooth contour. The full-spen slotted flap, bullt to
conform to the ordinsates in table II, was pivoted about
the flap pivot point given in table II. -

The slot shape for the slotted Tlep 1s given in
taeble II. The plug alleron was buillt of sheet metal to
the dimensions glven in figure L and was modified as shown
in figure 5 and reference 1l. The plug sasileron was fitted
wlth two rows of pressure orifices as given in table III. *
Row 1 was used for all force corputations and row 2 was
used only to find the effect of the holes on the local
pressure. :

All the tests except a few with flaps deflected were
made at a dynamic pressure of 16.37 pounds per square foot.
Thls pressure corresponds to a veloclity of approximately
80 miles per hour and to a test Reynolds number of aboutb
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2.05 x 106 based on the mean asrodynamic chord of the model,
%3%2.66 inches. The turbulence factor for the Langley 7- by
10-foot tummel is about 1l.6.

With the model et a given angle of attack and aileron
setting, time was allowed for the tummel air velocity and
for the manometer alcochol level to become stable before
the preasures were photographically recorded. :

PRESENTATION OF DATA
Coefficients

The pressure dilagrams were mechanically integrated
to obtain data from which sectlion normal-force, chord-
force, resultant-force, and hinge-moment coefficients were
computed. The coefficients represent the values that -
would be obtained if section data were apvlisd to the plug
alleron at the spanwlse position at which the pressures
were measured. These ccefficients apply only to geomet-
rically similar sections. The coefficients, based on unit
span, are defined as follows:

cn normal-force coefficient (n/qcp) positive up
chord-force coefficlent (x/qcp) positive rearward

Cp resultant-force coefficient VCna + Cg ) positive
when dlrected rearward

Ch hinge-moment coefficient about alleron hinge axls (h/qM')

P pressure coefficient <T—_——> o
where i

n normal force (normal to plug refsrence lins)"

X chord force (parallel to plug reference line)

hinge moment about aileron hinge exis 1"_;
P static pressure st a point on airfoil

Po static pressure of free alr stream
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1
q dynamic pressure of free alr stream (Epv?>
p denslty
v velocity

Cp chord of plug alleron, distance along plug-aileron
reference line from hinge axils to tralling edge
of plate 1

M area moment of plate 1 about hinge axis of plug
alleron

and

a angls of attack, corrected in accordance with the
theory of tralling vortex images

5& plug-aileron engle, positive when deflected down
(angle between plug reference line and wing chord
linse)

&p flap deflectlion relative to wing, positive when
tralling edge 1s down

The various subscripts 1, 2, 3, L, and 5 refer to
the respectilve plates of plug aileron (fig. 6), and
subscript p refers to the complete plug alleron. No
corrections have been applied to the pressure data,

Results

In order to facilltate correlation of data In the
present report with the data glven in reference 1,
figure 7(flg. 6 of reference 1) has been reproduced.

The various plates or fsces of the plug ailleron have
been projected to the position shown in figure 6 to pre-
vent overlsppling of the pressure dilagrams of the component
parts of the plug alleron. In figures 8 to 33 the pressures
over plates 1, 3, and 5 have been plotted normal to the
respective plates send the pressures over plstes 2 and
have been plotted parallel to the plug~alleron reference
line. (See figs. 6 and 8.) The plug-aileron refersnce
line 1s & line that passes through the hinge axls, is
parallel to the wing chord line when the plug alleron 1is
neutral, and revolves with the nlug alleron. The pressures
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from the orifices of row 1 only (see table III) have been

plotted in figures 8 to 33. _ -

The resultant forces for plates 1, 3, and 5 were
assumed to be normal to the plates. No hinge moments
were given for plates 2 and since they are concentric
about the hinge 2xis and, therefore, the resultant force
passes throtgh the hinge axls and gives no hinge moment.

Pigures 3l to 38._give the section charscteristics of
the two modifications of the plug alleron.

DISCUSSION

Pressure Digtribution

The pressure-distribution curves (figs. 8 to 33) show
the distributlions of pressure over plug aileron 5 and should
be useful in plug-aileron design. These plots are for two
angles of attack only. No curves gre gilven for the pres-
sure distribution over plug alleron 2 because they wére
very similar to those for plug alleron 5, except for slight
changes 1ln pressure gradlent over plate 1 at small negative
deflections and plate 3 for positive deflections. No
curves are presented for +the pressures of row 2 since
the curves showed only slight varlation from the pressures
of row 1.

The peak pressure over the nose of plate 1 reached a
maximum value of P equal to approximstely -1 for the
high-speed condition with the flap retracted (fig. 12) at
a plug-gileron deflection of ~10°. This pressure cor-
responds to a critical speed of L60 miles per hour and
mey result In compressibility shock on the plug aileron.
With the flap deflected Lj0° (fig. 28), the veslues of P
increased to about -2.2 at a plug-alleron deflectiorn
of -2.5° but thls increese is not considered detrimental
since the airplane speed is greatly reduced with flaps
deflected. The exposed ares of the plug sileron in the
negative deflection range had a pressure difference &acroiss
the plug asileron of about g acting upon it at low angles
of attack. In rmost cases, the pressure difference decreeséd
as the angle of attack increased. Tnhe decrease in pressure
with sngle of attsck would be expected from consideration
of the increase in boundery-layer thickness as the angle
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of atteck is incressed. There were only small chsnges ih
the wressure difference over plates 3, K, and 5 for negetlve
plug-~alleron deflections with flaps retracted. In the
poesitive deflection rangses, the pressure difference over
plates 3, L, and 5 increased as the deflection was increased.
The main effect of deflecting the full-span slotted flsp

was generally to increase the pressurce dlffersnce on the
verlous plates and causs a lerger flow through the slot.

Load Chearacteristics

The hinge~moment ccefflclents of plates 1 were much
larger thean those of plates 3 and 5§ in the negatilve
aileron-deflection range. (See figs. 3L and 35.) The
hinge-moment and resultant-force cocelfficients increased
on plates 1, 3, and 5 when the flaps were deflected L0°.
The fact thet plate 1 gave most of the hinge-moment
coefficlent explalins why tliting of plate 1 was so elfec~-
tive in controlling the hinge-moment coefficlents of the
plug alleron as reported in reference l. Most of the
chord-force coefficlent of the plug alleron for. negative
alleron sngles was contributed by plate 2 for flap
retracted., The maximum loads occurred at low anglss of
attack (high speed) and -50° deflection. With the flap
deflected 0%, plates 2 and L carried about the seme loads
except at high negative deflections where plate 2 carried
the greater pert of the load.

The chord- and normal-force coefficlents for the
complete plug alleron may be obtalned by addlng the appro-
priate values from figures 34 and 35. The data are
presented for the component parts of the aileron slnce
an alleron of thils type would normally be bullt up and
the loads on the individusl parts were thought to be
Important.

The hinge-moment coefficlents for the complete plug
alleron plotted against the salleron deflections for the
full-spean slotted flap retrscted and deflected L,0° are
given in figures %6 and 37. A comparison of these curves
with the hings-moment-coeffilclent curves for plate 1 of
figures 3l and %25 shows that plate 1 not only gives most
of the hinge-moment coefficlent but also determines the
irregulasrities in the curves. The curves of figures 36
and 37 agree queallitatively with the hings-moment-coefiiclent
curves for plug alleron 5 ss reported in reference l.
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The characteristics for plug ailleron 2 (solid plug)
for two angles of attesck with flap retracted are shown in
figure 38. For most plug-aileron deflectlions the hinge-~
moment coefflcients for the solid plug alleron sre slightly
lower than for plug aileron 5 for the same condition.

CONCLUSIONS

The peak pressures on the plug-type spoiler-slot
aileron (plug alleron) may result in a compressibility
shock in high-speed flight. The maximum loads on the
plug alleron occurred in the high-speed condition for an
up alleron deflection of 50°. The critical design con-
dition 1s therefore for high speed with the msaximum up
aileron deflection.

Langley Memorial Aeronautical Laboratory
National Advisory Committee for Aeronautics
Langley Field, Va., Sept. 6, 1945
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TABLE I

ORDINATES FOR AIRFOIL

[ﬁpanwisé stetions in inches from root section.

Chord

stations end ordinates in percent of arbltrery wing
chord ci]

Mbdel wing station O

chord:

0.305

Upper Lower
Station surface surface
0 0 0
1025 . 8 -1060
2.5 . 1 "2.36
5 .10 "3.21
705 7.1'4- "3082
10 5.89 -4.33
15 .80 "'5012
20 9.22 -2.71
25 9.40 =6,10
ao 3.37 -6.28
0 090 "6.2
20 8.02 -5.7
0 6.8 -B.OS
go 5e <4.10
) 3.87 -2.97
90 2.%2 "l. 7
95 l. =9
100 .18 -.1%
100073 003 "003
L.E. radius: 2.65. Slope

of radius through end of

Model wing station 88.8
Upper Lower
Statlon surface surface
0 0 0
1‘25 1089 ~e
g.s 20'?8 '%00
T.5 &.ug =140
10 k.9 -1,52
15 554 -1.86
20 5.7% =2.22
25 S 17 -2.26 .
EO 5.71 -2. 2
0 Ro 56 '2070
20 .78 -2.56
0 Ll-o 06 -2027
ZO 3.21 -1.8
0 2.26 «le3
90 1,22 -.Z?
95 «70 ~.46
100 018 "ol,.l.
101.2 005 "005
L.E. radius: 0.70. Slope
of redius through end of
chord: 0.305

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS



Spanwise stations in inches from rcot section.
stations and ordinates in percent of arbitrary wing
ehord ¢;]

«876 to L.E.

. - TABLE II
ORDINATES FOR SLOTTED PLAF AND SLOT SHAPES

6 to L.E.

NACA TN No.

T

x to L.E.

A to L.E.———»l

Flap stationa

Model wing station O

: U Lo
Station | ,;face | surface
0] -1.2 «1.29
052 -.0 -2.30
1.0h .hs '2020
2 1-29 =2.00
%01 2-17 -2
. 20 3 "2-1
8. 2.0 -1.91
120‘% 10 ;5 "1.22
1605 085 e 9
20.72 005 "'003_
L.B., readius: 1l.19
Slot Shape
Station O | Station 88,8
R . o1
3| 37 3
X 82 83,5
y 5 3.3

‘&\v-Flap pivot point

Chord

1079

'ﬁéaﬁi.iiaé-;éa;ian 88.8
er Lower
Station lgggnco surface
O .0.76 -0076
.52 -01 .-1.16
1.0 036 ‘1025
2.12 l. 8 -i.fg
%:ag 1:)22 299
8.58 1o35 -.gz
12. 2 - 093 -06
16096 051 -.52
21.20 «05 ~.05
L.E., redius: 0.32 ]
L Flap pivot
Station 0 | Station 88.8

o

5.3

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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TABLE ITI *
ORIFICE LOCATION ON PLUG AIIERON

[Location of orifice from hinge axls in percent
alieron chord cp]

4

To inboard

end of T.70" ——)-l .
plug : e °p

T ZSL.’ Plug reference

. © oo OO0 T o [ line 'T i
— Hinge axls
L 1
] « <~ — X
e S' Wing ;hord line . ) T
SIS Orifice
© ® 00 Of0 <¥ o
1
Row 1 ' Row 2
Orifice X y Orifice x Orifice x vy

9.52| 1.18] ®18 |72.59(-31.83 34 [80.60| 0.9
66 3 19 us.ag 26 39 3 8%.5& . 5

91.92| .22 22 4 29 Z?? 50 % 82'97 32

87.1| ~.76| 22 |806.57 -65 18 3 ol.51| -1.5

100.00| =1.59 az 22.;% - 5. e g 0.72 -1.2.
Tl I R | )|

-.9
850 3 -965 8 02 -21 18 .O - 8. 1
81. 0 -,0 gg 85.87 "13 20 lLtﬁ 5.3 -26029
79.01} -3.24| 329 |88.17|-17.21 ).,TZ 9.761-66.10

ol d
EWNHO\DMMF\NNH

0

[ ]

[0

D

'

]

L ]

O

v

1 78.22|«12.11| @30 |6L.32[«6%.56 7.28]=21,18
ERE N s
16 3)-8'- -2 . 1 a53 830 5 -70 -----------------
17 «03.[j0] memccce] cnnon|onnane| cccccnn ccnnn | ceceae

8Inside pluge.

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 2.- Part of airplane simulated.
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Fig. 17 NACA TN No. 1079
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Flgure 25.~Fressure distribution on plug aieron o on The fapered-
wing model wirh full-span slotted flaps. 8g=40"; & =~20°.
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Fig. 35a-e NACA TN No. 1079
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